SUMMARY The incidence of rice bodies (RB) in synovial effusions has been studied in 36 patients with rheumatoid arthritis (RA) and in 12 patients with seronegative inflammatory arthritis (7 cases of Still's disease, 3 of psoriatic arthritis, and 2 of ankylosing spondylitis). In the RA group 50 joints were aspirated before and after saline lavage with a specially designed wide-bore needle. RB were found in 72% overall of the joints studied in this group, 14% on initial simple aspiration and an additional 58% after lavage. In contrast no rice bodies were found in 31 aspirations with lavage by an identical technique in the 12 patients with seronegative synovitis. The RB in RA synovitis occurred both early and late in the course of the disease and were not related to the severity of clinical or radiological changes. However, removal of rice bodies was accompanied by clinical improvement and reduction of synovitis. Macroscopically RB varied in shape and size, some being so large as to preclude effective removal by needles of the gauge customarily employed for joint aspirations. Microscopically the majority of RB were composed of coarsely reticular material reacting immunologically with antifibrinogen and antifibronectin and containing mononuclear cells. Some showed vacuolation suggestive of fibrinolysis, but many showed organisation like that seen in established connective tissues, with the formation of mature collagen, reticulin, and elastin. These findings are discussed in relation to the origin, development, and significance of rice bodies in rheumatoid synovitis.
Materials and methods
Fifty consecutive joint aspirations and lavage (performed as described below) were carried out in 36 patients with classical or definite RA as judged by the criteria of the American Rheumatism Association. 4 Details of the patients are summarised in Table 1 . Five of these patients had additional diagnoses of osteoarthrosis (3) , chondrocalcinosis (1) , and septic arthritis (1) . Forty-nine of the aspirations were made from knee joints and 1 from a shoulder joint. The mean duration of symptoms was 6 9 years (range 1-12 years) . Plain radiographs of the affected joint were made prior to aspiration. Details were recorded 6.0 (3-9) 3 *0 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) removed in these patients was 18 ml (range 1-110 ml).
MACROSCOPIC APPEARANCES
The material aspirated showed marked variation in the consistency, shape, and size of the particles present. The greatest diameter of the majority of the particles exceeded 7 mm in 10/o of cases; ranged between 2 and 7 mm in 55% of cases; and was less than 2 mm in the remaining 35%. The particles were sometimes white and bore some resemblance to rice grains but were also sometimes yellowish and irregular in shape or thread-like in appearance. The variation in size and shape of the particles is illustrated in Fig. 1 .
MICROSCOPIC APPEARANCES
Observations previously made2 3 12 were confirmed and extended. The heterogeneity of the material aspirated after lavage of joints was further revealed by microscopic examination in that occasional fragments easily identifiable as bone, cartilage, or shreds of synovial villi were seen in the aspirate (Fig. 2) . Rounded structures composed of a vascularised collagenous core (presumptively derived from synovium) were also seen to be superficially coated by fibrin (Fig. 3) In fresh unfixed specimens, or in material fixed in cold ethanol from the same patients as those described above, the nature of the material was confirmed immunologically with antifibrinogen labelled with fluorescein or with horse radish peroxidase (Figs. 5 and 7B ). In addition, in sections made of fresh or similarly fixed material from these subjects after treatment with similarly labelled antiserum to fibronectin (cold insoluble globulin) an abundance of this protein was also demonstrable (Fig. 7C) . In adjacent sections, suitably stained conventionally for fibrin and with antifibrinogen or antifibronectin, the distribution of fibrin and of fibronectin was almost exactly similar (Figs. 7A-C) . This was found despite the fact that these 2 proteins are immunologically unrelated.6 Aspirates taken from effusions of many weeks' or months' duration still showed many rice bodies composed almost entirely of fibrin. Variable numbers of mononuclear cells were seen on the surface and . and E, x 313). enmeshed within the interstices of such rice bodies (Fig. 4) . Some rice bodies lacked much evidence of cellular infiltration but showed irregular and diffuse vacuolation, so that they appeared to be composed of a loose and attenuated network of fibrin. The appearance of these particles suggested the reduction of the rice body to a skeletal framework of its original structure, possibly by a fibrinolytic process (Fig. 5) In some rice bodies this process of fibrosis was seen to be occurring in the 'core' or deep within the substance of the particle (Figs. 7A-C) while, in material aspirated from the most chronically involved joints the particles were often rounded, with smooth margins and a varying proportion of the rice body transformed into a collagenous mass. Some rice bodies of this kind, when suitably stained, showed the presence also of a reticulin network and/or of elastic tissue.
In occasional instances in rice bodies undergoing fibrosis a portion of the rice body reacting as fibrin/ fibronectin showed vacuolation of this at the 'boundary zone' demarcating it from the adjacent area, which gave the characteristic staining reactions of collagen. It is presumed that such regions of vacuolation again represented regions of fibrinolysis preceding fibrous tissue replacement. What was perhaps even more striking was how infrequently such obvious areas of transition were seen. In most instances the junction between fibrin/fibronectin on the one hand and collagen on the other was quite sharp, suggesting a smooth dovetailing of fibrin removal and new fibrous tissue formation in the process of tissue remodelling.
Rice Our results suggest that rice bodies are a very common accompaniment of rheumatoid synovitis, provided they are sought by an adequate technique. We found them to be present in the effusions from 72% of our patients. But rice bodies were detected in only 14% of cases in which simple aspiration was performed, even when a wide-gauge needle was employed. We found an additional 58% of our cases to have rice bodies in the aspirate only when saline lavage preceded aspiration through a wide-bore needle.
Since in many instances much of the particulate material recovered was quite large in particle size (Fig. 1) , it seems probable that rice bodies would have been detected in few if any of our cases if aspiration had been attempted, without preliminary lavage, through a fine-gauge needle in the manner widely used for diagnostic aspiration of synovial fluid. We feel that the prevalent (but in our view mistaken) view about the relative rarity of occurrence of rice bodies in rheumatoid joints in fact derives from this difference in technique.
ORIGIN AND DEVELOPMENT OF RICE BODIES
Our histological and immunohistological observations supplement the scanty microscopic examinations previously published on rice bodies from patients with RA, that is, the 2 cases studied by Albrecht et al.2 and the 7 patients in the series reported by Berg et al.3 In agreement with these authors our findings suggest that there are progressive changes in the structure of rice bodies. However, access to patients seen over a wider range of the disease process and to a much larger volume of material has allowed us to observe that rice bodies may progress to a degree of maturity resembling that of established connective tissue in consisting of coarse collagenous fibres, reticulin, and elastin. To our knowledge development to this degree of organisation has not previously been recorded in rheumatoid rice bodies-presumably because relatively so few specimens have been extensively examined histologically.
It has been suggested that rice bodies originate from detached fragments of degenerating synovial villi.'2 In synovial fluid from chronically involved joints we found occasional synovial fragments (Fig.  1) along with other detritus derived from joint structure, such as slivers of cartilage and minute spicules of bone. In occasional instances rounded but wellvascularised structures (presumably therefore originating from synovium) were seen, covered with a fibrin coat of variable thickness (Fig. 3) . Nevertheless, we consider that the earliest rice bodies are predominantly fibrinous in nature and formed independently of synovial fragments, though whether the entrapped mononuclear cells are leucocytes derived from the blood or synovial cells is difficult to determine (also see below).
In fibrinous particles, free in rheumatoid synovial fluid, we have found fibronectin also to be present. In this respect such rice bodies resemble fibrinous deposits ('fibrinoid') adherent to the synovium6 or plasma clots formed in vitro, in which fibronectin binds to fibrin."2 Coprecipitation of fibronectin and fibrinogen also occurs in the presence of heparin and other glycosaminoglycans, especially at low temperatures."4 The possibility was considered that glycosaminoglycans released into the synovial fluid from eroded cartilage might play some part in precipitating fibrin and fibronectin to form rice bodies. Conventional histochemical stains for glycosaminoglycans on rice bodies did not support this possibility.
Our previous work has established that fibronectin is locally synthesised by synovial cells and that the level in synovial fluid is often higher than that in plasma in RA." This intra-articular production of fibronectin, which is markedly adhesive in its physical properties,"6 probably not only favours the initial formation of insoluble fibrin/fibronectin precipitates but also assists in effecting the aggregation of particles and their increase in size, thus influencing rice body formation.
PERSISTANCE OF RICE BODIES IN INFLAMED JOINTS
There has been much interest and controversy as to why fibrinous deposits persist in joints. On On the other hand it is well established that not only all the necessary blood coagulation components required to give rise to fibrinous deposits, but also those of the blood fibrinolytic system (concerned with the resolution of such deposits), insude into synovial fluid in active joint disease.'8 21 It would be expected therefore that this humoral mechanism would complement or reinforce the cellular removal mechanism referred to above. Since our results indicate that early rice bodies contain both fibrin-related and fibronectin-related antigens, it is interesting to note that fibronectin is known to be as susceptible as fibrin to plasmin digestion22 and to the action of neutral proteases from polymorphonuclear leucocytes.'
While the appearance of some rice bodies was consistent with the particle undergoing fibrinolysis (see Fig. 4 ), in other rice bodies abundant fibrinous material was still present, and the majority of particles showed condensation rather than attenuation of their structure. The occurrence and persistence of fibrinous rice bodies probably depends on the balance between the rate of production and maturation of these structures Indirect support for this proposition is provided by our observation that, conversely, effective removal of rice bodies by lavage and aspiration in itself produces marked clinical improvement in affected joints. Alternatively it may be argued that this result is no more than can be expected from application of the well-established surgical principle of ensuring effective debridement of inflamed tissues to assist healing.
However, where it is proposed to attempt to obtain a similar result by the alternative procedure of preliminary instillation of fibrinolysis-promoting agents such as urokinase, our findings suggest that preliminary lavage, aspiration, and histological examination are advisable."1 This is because rice bodies which have undergone further maturation into partially fibrous structures will not respond to such treatment. For this reason, and also as a useful accessory means of decreasing joint disability, we recommend lavage, aspiration, and microscopical examination of rice bodies in rheumatoid arthritis.
